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基戊酸共聚物的最佳培养基组成为：葡萄糖 25 g/L，乙酰丙酸 4 g/L，酪蛋白胨 
2.0 g/L，Na2HPO4·12H2O 3.0 g/L，NH4Cl 0.5 g/L，KH2PO4 0.5 g/L，MgSO4·7H2O 
0.1 g/L，微量元素液 10 mL/L。微量元素液组成为：ZnSO4·7H2O 10 mg/L，
MnCl2·4H2O 3 mg/L，H3BO3 30 mg/L，CoCl2·6H2O 20 mg/L，CuCl2·6H2O 1 mg/L，
NiCl2·6H2O 2 mg/L，NaMoO4·2H2O 3 mg/L。最适初始 pH 为 7，最佳接种量为 5%。
此条件下，菌体干重达到 5.75 g/L，PHBV 产量达到 3.83 g/L。 
将上述所得培养基在 2 L 发酵罐中进行放大，恒转速分批培养获得的最大菌
体干重和 PHBV 产量分别为 6.00 g/L 和 3.47 g/L。将发酵液的溶氧控制在 30%以
上，获得的最大菌体干重为 7.69 g/L，较恒转速分批培养提高了 28.2%，但是最
大 PHBV 产量只有 2.86 g/L，比恒转速分批发酵降低了 17.6%。用乙酰丙酸将发
酵液的 pH 控制在 7，获得的最大菌体干重和 PHBV 产量分别达到 13.41 g/L 和
11.08 g/L，比恒转速分批培养分别提高了 123.5%和 219.3%。控制 pH 的条件下，
将初始葡萄糖浓度降为 10 g/L，并在发酵开始 36 h 后补加 20 g/L 葡萄糖，获得
的最大菌体干重和 PHBV 产量分别达到 16.43 g/L 和 12.45 g/L，比恒转速分批培
养分别提高了 173.8%和 258.8%。控制溶氧和 pH 可以获得与补加葡萄糖相近的
效果，最大菌体干重可以达到 15.53 g/L，最大 PHBV 产量为 12.61 g/L，占菌体


















有 0.63 g/L。添加 40 g/L 的葡萄糖作为辅助碳源，随着培养基中乙酰丙酸浓度的
变化，可以获得羟基戊酸单体含量从 0 到 41.4%的 PHBV 样品。对提取的 PHBV
样品进行初步表征，核磁共振定性分析结果表明，提取的 PHBV 样品与标准品
的结构基本一致。热重分析结果表明，不同组成的 PHBV 样品具有比较接近的




















Polyhydroxyalkanoates (PHAs) are a kind of bio-polyesters synthesized by 
micro-organisms within the cells. PHAs not only possess the same properties as 
traditional petrochemical plastics but also have other advantages such as being 
biodegradable, biocompatible, piezoelectric etc., which make them suitable for many 
applications. Among the family of PHAs, poly(hydroxybutyrate-co-hydroxyvalerate) 
(PHBV) becomes a research focus due to its additional advantages compared with 
polyhydroxybutyrate (PHB). In the present work, levulinic acid (LA) was used as raw 
material to synthesize PHBV by Ralstonia eutropha and the fermentation conditions 
were optimized to enhance the PHBV accumulation. 
 
The effects of different nutrients on PHBV accumulation by Ralstonia eutropha were 
investigated in shaking flasks. The cell growth and accumulation of PHBV were 
inhibited when LA was used as sole carbon source, with the highest dry cell weight 
(DCW) of 1.38 g/L. The cell growth and PHBV accumulation were both improved 
when glucose was added as a supplementary carbon source. The optimized medium 
for PHBV accumulation from LA consisted of 25 g/L glucose, 4 g/L LA, 2.0 g/L 
casein peptone, 3.0 g/L Na2HPO4·12H2O, 0.5 g/L NH4Cl, 0.5 g/L KH2PO4, 0.1 g/L 
MgSO4·7H2O and 10 mL/L trace element solution. The trace element solution 
consisted of 10 mg/L ZnSO4·7H2O, 3 mg/L MnCl2·4H2O, 30 mg/L H3BO3, 20 mg/L 
CoCl2·6H2O, 1 mg/L CuCl2·6H2O, 2 mg/L NiCl2·6H2O and 3 mg/L NaMoO4·2H2O. 
The optimal initial pH and inoculum size were 7 and 5%, respectively. The DCW 
reached 5.75 g/L and the PHBV production was 3.83 g/L under these conditions. 
 
Furthermore, Ralstonia eutropha was cultivated in the optimized medium using a 
bioreactor with a volume of 2 L. The highest DCW and PHBV production obtained by 
batch cultivation under stirr-stat control (stirr-stat batch cultivation) were 6.00 g/L and 
















during the cultivation, the highest DCW was 7.69 g/L, 28.2% higher than that of the 
stirr-stat batch cultivation whereas the highest PHBV production was only 2.86 g/L, 
17.6% lower than that of the stirr-stat batch cultivation. When the pH was maintained 
at 7 by adding LA, the highest DCW and PHBV production were obtained as 13.41 
g/L and 11.08 g/L, respectively, which when compared with those of stirr-stat batch 
cultivation were enhanced by 123.5% and 219.3%, respectively. When the initial 
glucose concentration was reduced to 10 g/L and 20 g/L glucose was supplemented 
after 36 h, the highest DCW and PHBV were 16.43 g/L and 12.45 g/L, which were 
173.8% and 258.8% higher than those of the stirr-stat batch cultivation, respectively. 
Similar results were obtained when the pH value and DO were controlled 
simultaneously. Specifically, the highest DCW was 15.53 g/L, and the highest PHBV 
production was 12.61 g/L, which was around 81.2% of the DCW, with an HV content 
of 54.0%. 
 
Besides, the conditions of two-stage cultivation were investigated. It was found that 
the ability to use LA as sole carbon source by Ralstonia eutropha was improved by 
two-stage cultivation, though the PHBV production was only 0.63 g/L. With 40 g/L 
glucose using as supplementary carbon source, PHBV samples with HV contents 
varying from 0 to 41.4%, could be obtained when different concentrations of LA were 
added. The PHBV samples were extracted and characterized by nuclear magnetic 
resonance (NMR) and TG analysis. The NMR results confirmed that thus-synthesized 
PHBV had the same structure as the standard sample. The TG results showed that the 
PHBV samples with different HV contents possessed similar thermal decomposition 
properties, with initial weight-loss temperature observed as 200 ℃ and the complete 
decomposition temperature 275 ℃. 
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的相关报道，直到 1958 年，Macrae 和 Wilkinson 首次报道了 PHB 的降解性能[10]，
从而掀起了 PHB 的研究热潮。此后，随着其他与 PHB 具有相似结构的生物聚酯
相继被发现，涌现了许多关于 PHAs 生物合成以及潜在应用的报道[11-14]。 
1.1.1 PHAs 的结构、组成及分类 
PHAs 是由羟基烷酸单体组成的线性聚合酯，其结构通式如图 1.1 所示。其
中 m 可为 1、2、3 或者 4，通常情况下 m 为 1，即为聚 3-羟基烷酸酯。n 表示聚
合度，决定 PHAs 分子量的大小，一般为 200000~3000000 Da[15]。R 是可变基团，
可为饱和或者不饱和，直链或含侧链及取代基的脂肪族或芳香族基团。单体的侧
























图 1.1 PHAs 的结构通式 




等[16-19]。迄今为止，已发现超过 150 种不同结构的 PHAs[5]，其中，大多是由链
长为 3~14 个碳原子的 3-羟基烷酸单体组成。此外，还有 4-羟基烷酸、5-羟基烷
酸等羟基连接于不同位置的单体以及 R 基团中含有 1~2 个不饱和键或者带有甲
基侧链的 3-羟基烷酸单体[5]。 
根据单体的碳原子数，过去通常把 PHAs 分为两类[4]：单体含有 3~5 个碳原
子的短链 PHAs（short-chain-length PHAs，SCL PHAs）和单体含有 6~14 个碳原
子的中长链 PHAs（medium-chain-length PHAs，MCL PHAs）。前者以聚羟基丁
酸酯和聚羟基戊酸酯（polyhydroxyvalerate，PHV）等为代表，后者包括聚羟基
己酸酯（polyhydroxyhexanoate，PHHx）、聚羟基辛酸酯（polyhydroxyoctanoate，
PHO）等[20]。一般情况下，PHAs 合酶的底物特异性决定着 PHAs 单体的碳原子
数[21, 22]，因此，大多数微生物只能在细胞内合成 SCL PHAs 或 MCL PHAs 中的
一种。但是，研究发现，有极少数微生物能够合成短链和中长链单体共聚形成的
PHAs（SCL-MCL PHAs）[23-27]，从而 PHAs 的分类可以扩展为 SCL PHAs、MCL 





于在 PHA 分子改性方面有重要意义，近年来备受关注。 
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